Abstract-In the last ten years many proposals and studies have been advanced for a far-IR kilometer baseline interferometer. This paper shows the results of FISICA (Far Infrared Space Interferometer Critical Assessment), an FP7 program of the European Community. In particular, we focus on an innovative strategy to cover the plane of observation with a minimal propellant consumption. Results of some numerical simulations, carried out for a three-booms configuration, are provided.
INTRODUCTION
In the last decade many studies have been performed for a Far Infrared space telescope [1] , [2] , [3] . This kind of instrument allows to investigate the radiation coming from some of the coldest and most distant objects in the Universe. The Earth's atmosphere absorbs most of IR radiation from cosmic structures through the interaction with molecules such as CO2, H2O, O2. Just a little part of such radiation crosses the atmosphere and can be detected by on-ground telescopes located at high altitudes, in dry climates, before the complete absorption. To investigate in detail, the Universe at these wavelengths, the mandatory approach is to observe from the top of atmosphere, through balloons, sounding rockets and, at last, satellites in space. So to see the IR band it is mandatory to build an infrared telescope in space. Thus would be a limit to the angular resolution, indeed the angular resolution is directly proportional to the diameter of the mirror telescope. To bypass the limit imposed by the space vector housing (e.g. James Webb Space Telescope will have a diameter of 6.5 m), it is used the synthetic aperture concept. Thanks two this technique, two little mobile telescopes (e.g. 2 m of diameter) have the same angular resolution of a big one fixed (e.g. 100 m of diameter) on the condition that they recovered the same space which the big one would occupy, during their evolutions.
In the wake of other mission hypotheses like SPECS [1] , SPIRIT [2] , FIRI [3] , in 2013 the European Community has financed a three years' development program called FISICA [4] (Far Infrared Space Interferometer Critical Assessment). It pursues to define the instrument requirements for a double Fourier modulation payload while advancing the beam divider technology for a range of operation of 25-400 μm. One of the main issues for any such a study is the trade-off between large baseline, dynamic control and low fuel consumption. This article proposes a hypothetical configuration to guarantee large synthetic aperture (100 m) with zero fuel consumption. The behavior of this configuration will be shown by means numerical simulation results carried out through Matlab and Simulink/SimMechanics.
II. CONFIGURATION
For a Michelson interferometer the angular resolution is determined by the separation, or "baseline," between the light collecting mirrors. Each baseline provides information about the source on a particular spatial frequency. The longer the baseline, the higher the frequency. For this simulation it has been chosen a maximum baseline of 100 m. For our simulation we choose a multibody calculation software in a concentrated parameters model, Simulink/SimMechanics. This kind of model doesn't allow a deformation of the structure but it is useful to see the dynamics and the free evolution of the system. Moreover, FISICA, as the other interferometric telescopes, is designed to be positioned in the L2 Lagrangian point of SunEarth reference frame. As known, in that point the object remains fixed with respect to the Sun-Earth. In our simulation we do not consider any source of perturbation as gravity and solar radiation pressure. The configuration envisaged in FISICA forecasts three booms and three satellites. As in the SPIRIT configuration, the first satellite, called Hub spacecraft (Hub), is positioned into the center of the structure, where beams will be combined. This Hub is joined to a boom (B1) 50 m length. In the SPIRIT concept, the other two collecting telescopes change their baseline using this boom like a rail. In our idea the other two satellites, named collectors (C1 and C2), are not directly linked to the principal boom (B1). There are two more booms, B2 and B3, linked at the tips of B1 by means of two hinges. B2 and B3 has a length almost half than B1 (23 m). C1 and C2 are joined to the edge of B2 and B3, as shown in figure (1). The Hub satellite has a mass of 2000 kg and the collecting telescopes of 1000 kg each. All the main moment of inertia have to start with the same attitude in order to guarantee that the rotation axes remain parallel to the initial pointing axes (Table 1 ). This condition allows to obtain a stable free motion without degenerating in a chaotic one. At the same time, the geometrical center and the center of mass need to coincident. Any possible unbalancing with respect to the center of mass or misalignment among the main moments of inertia have to be compensated with a specific active control. At the start of the simulation, the C1 and C2 collecting telescopes and the Hub are aligned, whereas B1 and B2 are in closed configuration (figure 2). In this configuration the two collecting telescopes are at the minimum baseline, i.e. 4 m. An initial energy needs to be provided to the system in order to initialize the free evolution. Such an energy is provided by two thrusters, fixed to C1 and C2 and directly orthogonal to B2 and B3 (figure 3). They apply 0.82 N for 100 s. In this phase, the collecting telescopes start to increase their velocity until to reach an absolute velocity of 0.08 m/s. At the same time, B2 and B3 increase their angular velocity. For the action-reaction principle, B1 increases its absolute angular velocity as well but with opposite sign w.r.t. B2 and B3. At the end of the 100 seconds, thrusters are switched-off: we have reached the initial conditions for the system. 
III. FREE EVOLUTION DESCRIPTION
The free evolution depends on the mass distribution and inertia moment of the structure. Assuming the distribution shown in table 1, we have simulated the behavior of the structure which is a particular but representative case. Figure 4 Sketch of variables use to describe the system. In particular, this configuration is after 300s of free evolution.
After the thruster switch-off, the system begins its free evolution. No thruster or reaction wheels need to be used to Moreover, B2 and B3 rotate with the same angular velocity,   e   (as shown in figure 6 (a) ). The figure shows that this angular velocity has a periodical behavior the same as B1. We highlight that the maximum of B1 is coincident in time with the minimum of B2, B3. This happens any time the bigger baseline (100 m) is reached, with a period of T0 ( figure 6 (b) ). On the basis of values assumed in table 1, T0 is 1300 s. This implies that any 2 0 T the C1 and C2 satellites swing from the minimum baseline (4 m) to the maximum baseline (100 m), and, after further 2 0 T , they return to the initial configuration at the minimum baseline. We can consider T0, such as the duty cycle period of the mechanism. The evolution of the baseline, in terms of length and direction, can be observed in figure 7 (a) . The path of C1 and C2, after one T0, describes two "petals", where its tip is the maximum baseline. Each petal rotates any T0 period. For this particular structure design, the angle between each petal is about 41°. This angle depends on the masses distribution of the structure. Many distributions are possible but it is mandatory to avoid distributions providing an angular separation which is integer submultiple of 360°. In this case the observation plane cannot be 100% covered. To evaluate the time needed to overlay the observation plane, we have to consider the area covered by the satellite path with respect to the total observation area (figure 8). The 90% of the observation area is covered after 15 hours. The efficiency is calculated as the slope of the coverage percent of the observation area, bigger slope means better efficiency. The efficiency decreases during the observation time because the two satellites overlap areas just previously covered. 
IV. CONTROL PROBLEM
The free evolution, previously described, is a best case because all the masses were symmetrically distributed. Any unbalancing would determinate a chaotic evolution. In order to show this issue, the same system was simulated considering the C1 satellite 10 kg heavier than C2. The evolution, depicted in figure 9, shows how the path is not more regular. In this case, it is necessary to provide an active control strategy to compensate such as behavior. By means of two reaction wheels, one for satellite, it is possible to mitigate it. We have used a simple proportional control method, where the error variable is the difference between β and γ (figure 10). By using a proportional control with a gain of 20, we obtained a stable system with a residual of 0.2° of angular difference. Increasing the proportion gain it is possible decrease the residual error but this increase the energy needed. Figure 11 shows effects of the active control on the overall dynamics.
(a)
Additional and more complex control strategy should be developed to control other unbalanced geometry as offdiagonal inertia matrix. 
V. CONCLUSIONS
According to the results of a pre-feasibility study, named FISICA (Far Infrared Space Interferometer Critical Assessment), a new observation strategy has been presented. Within the frame of FIR space interferometry, it offers the advantage to cover the plane of observation without the consumption of propellant. Moreover, this strategy, capitalizing on the free evolution of the system, allows to not introduce perturbations. Indeed, any active force, used to change the relative distance between the collecting telescopes, would introduce perturbations on the displacement, in addition to metrological issues. In our framework, all the dynamics of the system is passive and external noise is not injected in the system. In case of a not perfect balancing of the system, in terms of masses distribution, an approach of active control was evaluated as well. Further studies are envisaged in order to evaluate a trade-off between system unbalancing and propellant consumption.
